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ABSTRACT 
 
Polygalacturonases (PGs) are pectinolytic enzymes with wide industrial applications. 
The demand for the enzyme and its producing organism is rapidly increasing. Enzymes 
from filamentous fungi have been subject to vast number of studies due to their 
functional role in the organism as well as their advantage as models for enzyme 
production and their characteristics. The objective of the study was to screen a large 
population of Fusarium oxysporum isolated from tomato fields of Karnataka, for PG 
production. The ability of the cultures to produce extracellular PG was investigated. The 
culture conditions providing high level of enzyme production were determined. A typical 
exoPG producing strain was identified. The exoPG exhibited maximal activity at pH 4.0, 
50°C, 40 min and thermal and pH stability. Various metal ions tested showed a high 
inhibitory effect on PG activity. The Km and Vmax values were 7.69 mg/ml and 0.20 
µmol/ml/min. The molecular weight of the enzyme was found to be ~60 kDa. 
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INTRODUCTION 
 
Enzymes are versatile biomolecules with ever-
increasing biotechnological applications1. 
They demonstrate striking features such as 
specific biocatalysis, improved stability, high 
activity, and reduction of undesirable 
byproducts. They are biodegradable, thus 
being more environment-friendly and also a 
viable alternative in economic terms2,3. Pectin 
is a prominent structural constituent of primary 
cell walls and middle lamella providing 
firmness and organization to plant tissues4. 
Pectinases are group of enzymes that 
contribute to the degradation of pectin by 
various mechanisms. The family of pectinases 
include protopectinases, polygalacturonases, 
lyases and pectin esterases. 
Polygalacturonases (PGs) catalyze the 
hydrolytic cleavage of the polygalacturonic 
acid chain with the introduction of water 
across the oxygen bridge. They are the most 
studied among the pectinolytic enzymes5. 
Polygalacturonase is classified into glycosyl-
hydrolases family 286. Based on their mode of 
action, polygalacturonases are divided into 
two groups: (i) Endopolygalacturonases 
(E.C.3.2.1.15) break the polymer chain in a 
random pattern liberating saturated 
oligogalacturonides and galacturonic acid, (ii) 
Exopolygalacturonases (EC 3.2.1.67), cleave 
the penultimate polymer bonds releasing one 
saturated galacturonic acid residue from non-
reducing end of homogalacturonan. In nature, 
pectinases are important for plants as they 
help in cell wall extension and fruit ripening. 
They have a significant role in maintaining 
ecological balance by causing decomposition 
and recycling of plant materials7. Plant-
biomass-degrading fungi produce an 
extensive set of carbohydrate-active enzymes 
including pectinases specifically to degrade 
plant polysaccharides8. Pectin degradation 
plays an important role in plant diseases 
which generally begins with the production of 
polygalacturonases9. Besides plant cell wall 
degradation, PGs release oligogalacturonides 
that can act as elicitors of the plant defense 
response10.  
Microbial production of 
polygalacturonases is mainly from filamentous 
fungi, yeasts and bacteria. Polygalacturonase 
producing fungi have been isolated from 
diverse habitats including soil, decomposed 
plant parts, infected host tissue of plants, 
mangroove environments and vegetable 
wastes. In laboratory conditions, the 
production of PGs generally depends on 
media composition such as pectin source, 
nitrogen source, pH of the medium, 
temperature and agitation11, 12. 
Endopolygalacturonase and 
exopolygalacturonase are of industrial interest 
as they act on pectin, hydrolyzing its internal 
and external glycosidic bonds, producing 
shorter pectin molecular structures, declining 
the viscosity and improving the yield of 
juices13. Pectinolytic enzymes are of 
significant importance in the current 
biotechnological era and have been described 
as one of the future enzymes of the 
commercial sector. They are used in the juice 
and food industries14, paper and pulp15, 
scouring of cotton, degumming of plant fibers, 
waste water treatment, tea & coffee 
fermentations, as poultry feed additives, 
alcoholic beverages5, wood preservation4 and 
during the maceration, liquefaction and 
extraction of vegetable tissues16. It has been 
estimated that microbial pectinases account 
for 25% of the global food enzymes sales5.   
The innumerable applications of PGs in 
industrial processes demand the isolation, 
selection of potential strains, investigating the 
production conditions and physico-chemical 
characteristics of the enzyme. Screening a 
large number of microorganisms for high 
active enzymes combined with molecular 
techniques can lead to more efficient strains 
and stable enzymes. Further, enzymes having 
a set of biochemical and physical properties 
can be generated for specific industrial 
process17. This study describes the screening, 
production and characterization of 
extracellular PG from F. oxysporum f. sp. 
lycopersici. 
 
MATERIALS AND METHODS 
 
(i) Isolation and Identification  
F. oxysporum f. sp. lycopersici strains were 
isolated according to Norhito et al.18 from 
wilted tomato plants and rhizosphere soil 
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samples, collected from major tomato growing 
areas in and around Karnataka. Colonies 
exhibiting the taxonomic features of F. 
oxysporum were identified according to 
Nelson et al. 19. The identification was further 
confirmed from National fungal culture 
collection of India (NFCCI, Agharkar Research 
Institute). Pure cultures of the isolates were 
maintained on potato dextrose agar and 
stored as stock cultures at 4°C.  
 
(ii) Species specific PCR assay 
Species specific identification of F. oxysporum 
was performed by PCR using primers FOF1 
5ʹ- ACATACCACTTGTTGCCTCG -3ʹ, FOR1 
5ʹ- CGCCAATCAATTTGAGGAACG- 3ʹ 
reported by Prashant et al. 20. Standard PCR 
protocol was followed to perform the reaction. 
Amplicons were electrophoresed in a 1% 
agarose gel for observation. A 1kb ladder was 
used as a marker. Gels were documented 
using Gbox (GE health care, Mumbai).  
 
(iii) Qualitative plate screening assay for 
pectinase production 
Preliminary screening of 85 F. oxysporum f. 
sp. lycopersici isolates for pectinase 
production was performed on solid medium 
containing 0.5% Pectin, 0.1% Yeast extract 
and 1.5% Agar21. Five mm disc from a seven 
day old culture of the isolates was inoculated 
onto Petri dishes containing this medium and 
incubated for four days. The plates were 
flooded with 1% aqueous solution of 
hexadecyltrimethylammoniumbromide and 
checked for the formation of clear zones 
around the colonies22. 
 
(iv) Enzyme production in liquid medium 
Fusarium oxysporum f. sp. lycopersici strain 
MB-39 which showed maximum zone of 
clearance was selected and grown in a 
synthetic medium (SM) containing 0.2 g 
MgSO4.7H2O, 0.4 g KH2PO4, 0.2g KCl, 1g 
NH4NO3, 0.01 g FeSO4, 0.01 g ZnSO4, 0.01 g 
MnSO4 per liter. Cultures were supplemented 
with 1% Pectin. The flasks were maintained at 
120 rpm on a shaker for five days10. 
 
(v) Preparation of crude enzyme 
Fusarium oxysporum f. sp. lycopersici mycelia 
from the broth was removed by filtration 
through Whatman No. 1 filter paper and 
centrifuged. Cold Acetone was added to 
clarified supernatant up to 80% and 
centrifuged23. The precipitate was dissolved in 
0.1M acetate buffer (pH 4.2) and stored at 
4°C.  
 
(vi) Enzyme Assay 
The PG activity was determined by measuring 
the release of reducing groups by modified 
3,5- dinitrosalycilic acid (DNS) method24. The 
reaction mixture contained equal volumes of 
the culture filtrate and substrate (0.1% in 0.1 
M acetate buffer pH 4.2) incubated at 45°C for 
30 minutes. The quantity of reducing sugar 
released was calculated from standards of D-
galacturonic acid. The enzyme activity was 
expressed as the amount of reducing sugar 
released per mL per minute under the above 
conditions. The specific activity was 
calculated.  
 
(vii) Protein determination: 
The protein content of the culture filtrates and 
the crude enzyme was determined according 
to the method of Lowry using Bovine Serum 
Albumin (BSA) as standard25.  
 
(viii) Effect of culture conditions on 
enzyme production 
The effect of pH, incubation temperature and 
incubation period on enzyme production in 
culture medium was studied between 2.0 and 
8.0 for pH, 28°C and 50°C for temperature and 
2-8 days for incubation period. Enzyme 
production was also studied at static and 
shaker conditions26. 
 
(ix) Production of PG on different carbon 
sources: 
The production of PG on different carbon 
sources was studied by growing the organism 
in synthetic media supplemented with 1% of  
Pectin, Galacturonic acid, Glucose, Maltose, 
Lactose and Pectin + Glucose (0.5% each)10. 
 
(x) Characterization of polygalacturonase 
a) pH and temperature optima: The influence 
of pH on PG activity was measured by 
performing the enzyme-substrate reaction at 
various pH  values between 3.0 and 9.0. To 
determine the optimal temperature for PG 
activity, the enzyme was incubated with the 
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substrate at various temperatures between 
10°C -100°C.  
b) The effect of metal ions and reagents: 
Effect of CaCl2, CuSO4, HgCl2, ZnSO4, FeCl3, 
MgSO4, MnSO4, EDTA and SDS on enzyme 
activity was determined at a concentration of 2 
mM27. 
c) The kinetic parameters Km and Vmax of PG 
towards Pectin at pH 4.5 and 50°C were 
obtained by double reciprocal Lineweaver-
Burk plot utilizing substrate in the range of 
final concentration of 1.0-20 mg/ml10. 
d) Enzyme stability: The thermal stability of 
PG was assayed as residual activity after 
incubating the culture filtrate for 20, 40 and 
60mins at 40-100°C followed by enzyme 
activity assay at 50°C. The pH stability was 
determined as the residual PG activity after 
the culture filtrate had been incubated (1:1) in 
0.1 M buffer solutions pH 3.0-9.0, maintained 
at room temperature. An aliquot was drawn at 
30, 60, 90 and 120mins and used to 
determine enzyme activity at 50°C28.  
 
(xi) Chromatographic separation of 
hydrolysis products and viscometric assay 
Hydrolysis products from pectin by the culture 
filtrate and crude enzyme were analyzed by 
Thin Layer Chromatography (TLC) on silica 
gel using ethyl acetate/acetic acid/formic 
acid/water (9:3:1:4 v/v) as the mobile phase 
system and galacturonic acid as standard. 
Sugars were detected with 0.2% orcinol in 
sulphuric acid: methanol (10:90 ml) 29. The 
endo or exo mode of action of the enzyme 
was determined by measuring the decrease in 
relative viscosity at regular time intervals using 
a basic viscometer. Reaction mixture 
contained 1% substrate in sodium acetate 
buffer, pH 4.5 and the culture filtrate in equal 
volumes. Simultaneously, the percentage of 
substrate hydrolysis was determined by the 
reducing sugar assay30. 
 
(xii) Analytical electrophoresis 
The polyacrylamide gel electrophoresis was 
carried out in slab gels composed of 4% (w/v) 
stacking gel and 10% (w/v) resolving gel. 
Molecular mass markers were used to 
determine the molecular mass, of the 
enzyme10. 
 
(xiii)Analysis of Data 
The mean values and the standard deviations 
from three independent experiments are 
represented.  
 
RESULTS AND DISCUSSION 
 
1. Isolation and identification 
A total of Eighty five (85) isolates of F. 
oxysporum were isolated and identified.  
Morphological identifications were further 
confirmed by molecular method. A single band 
of 340 bp was obtained in all the isolates and 
that was on par with standard culture of F. 
oxysporum (Fig 1). 
 
 
 
Figure 1 
Species Specific PCR assay. Lane-1 and 2 positive and negative controls of F. oxysporum,  
Lane M- 1Kb DNA ladder, Lane-3-7 isolates of F. oxysporum. 
 
2. Qualitative plate screening assay for 
pectinase production 
All the strains were able to grow on the 
medium containing Pectin as the sole carbon 
source. Isolates varied widely in their reaction 
to the plate screening assay.  Out of the 
Eighty five isolates screened for pectin 
hydrolysis, 95% of the isolates showed 
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positive for pectinase by the formation of clear 
zone around the colonies, the zone size 
ranging between 2 to 5mm. The strain MB-39 
(weakly pathogenic to tomato) which showed 
maximum zone was used for enzyme 
production in liquid medium. 
 
3. Effect of culture conditions on PG 
production  
Enzyme biosynthesis is influenced not only by 
the composition of the nutrient medium but 
also by the other conditions of cultivation 
including pH and temperature of the medium 
which limit the growth of the culture or exert 
influence upon the catalytic activity of the 
enzyme. The effect of the medium pH and 
incubation temperature on polygalacturonase 
biosynthesis was studied at seven different pH 
values in a range of 2.0-8.0 and at six different 
values for temperature between 28°C-50°C. 
PG activity was observed in the medium with 
acidic initial pH values within a range of 4.0-
6.0 with the optimum pH of 5.0 (119.39U/mg). 
The optimum temperature for enzyme 
production was found to be 35°C 
(100.67U/mg). PG production increased after 
48h of incubation (227.5U/mg) and was 
highest at the 4th day (255.57U/mg), while its 
production drastically declined thereafter. The 
enzyme production was increased by 
incubation on a shaker at 120rpm as 
compared to the static conditions. 
 
4. Production of PG on different carbon 
sources 
High PG activity was observed in cultures 
supplemented with Pectin + Glucose (0.5% 
each) followed by Pectin (1%). Glucose was 
found to be an active inducer of the enzyme 
when supplemented at low levels. However at 
high levels, glucose represses the enzyme 
production. Enzyme activity was observed at 
very low levels in the filtrates of Fol grown on 
carbon sources like glucose, galacturonic 
acid, maltose and lactose (Fig 2). Inhibition of 
polygalacturonase production by glucose and 
other simple sugars might be due to catobolite 
repression. Similar results showing a higher 
polygalacturonase yield with pectin polymer 
compared to simple sugars have been 
reported by Aminzadeh et al.26 which is in 
accordance with the present study. 
 
 
 
Figure 2 
Production of PG in media supplemented with different carbon sources. 
 
5. Characterization of polygalacturonase 
The enzyme exhibited 65-100% activity at a 
broad range of temperature between 20-80°C. 
Maximum enzyme activity was observed at 
50°C (Fig 3). Enzyme activity was observed 
between pH 4 to 6, the optimum at pH 4 with a 
sharp decrease in activity with increasing pH 
(Fig 4). Partial to significant inhibition of 
enzyme activity was observed with all the ions 
tested except Ca2+. Maximum inhibition of 
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enzyme activity was by Cu2+ and Hg2+ which 
were around 94% and 92% respectively. SDS 
and EDTA had the strongest inhibitory effect 
on the enzyme (Fig 5). Inhibition of activity by 
thiol blocking agents such as HgCl2 suggests 
the possible involvement of thiol group in the 
active site of the enzyme. Similar results were 
observed by Garcia et al. 10. The enzyme 
exhibited 42, 33 and 8% stability at 40°C for 
20, 40 and 60 mins respectively and was 12% 
stable at 80°C for 20 mins. At higher 
temperature there was complete loss of 
activity. Maximum stability of 87, 83, 70 and 
58% was observed at pH 5.0 for 30, 60, 90 
and 120mins respectively. At pH 4 the enzyme 
was 54% stable followed by 9% at pH 3 for 30 
mins. At neutral and alkaline pH the enzyme 
exhibited 20-12 % stability and there was no 
activity above pH 9. The Km and Vmax as 
determined by Lineweaver-Burk plot, using 
Pectin as substrate, were 7.69 mg/ml and 0. 
20 µmol/ml/min respectively (Fig 6). 
  
 
 
Figure 3 
Effect of temperature on enzyme activity 
 
 
 
Figure 4 
Effect of pH on enzyme activity. 
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Figure 5 
Effect of metal ions and reagents on enzyme activity. 
 
 
 
Figure 6 
LB plot. PG reaction velocity (1/v) versus substrate concentration (1/[S]) 
 
6. Mode of action of the enzyme 
The viscometric assay and the identification of 
hydrolysis products were used to determine 
the mechanism of action of the enzyme. 
Measurement of the decrease in relative 
viscosity of pectin solution showed that, at 
50% viscosity reduction, more than 30% of the 
glycosidic bonds were hydrolyzed. These 
results are typical to an exopolygalacturonase. 
This is in accordance to the study of Renta et 
al.31. The exo mode of action of the enzyme 
was further confirmed when the reaction 
products were analyzed by TLC. Galacturonic 
acid was the only degradation product 
released during enzyme activity corresponding 
to the standard and no high molecular weight 
products were detected (Fig 7). This finding is 
similar to the results of Garcia et al.10 and 
Tohru et al.32. 
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Figure 7 
TLC of Reaction products. Lane 1- Galacturonic acid standard,  
Lane 2- Culture filtrate + Pectin, Lane 3- Crude enzyme + Pectin. 
 
7. SDS-PAGE of the culture filtrate and the crude enzyme showed a strong protein band 
corresponding approximately to 60kDa. The results of SDS PAGE, the pH and temperature optima 
for enzyme activity and the TLC obtained in the present study are typical to an 
Exopolygalacturonase 10, 27. 
 
CONCLUSION 
 
In our present study, we have screened a 
large population of F. oxysporum f. sp. 
lycopersici for PG production and 
characterized an exopolygalacturonase. The 
enzyme was active at acidic pH and at a 
broad temperature range. It exhibited 
properties such as high activity and pH and 
temperature stability. Since F. oxysporum are 
saprophytes and widespread phytopathogens, 
the industrial applications of their enzymes are 
limited. Endo-PGs are widely distributed 
among micro organisms and plants. In 
contrast, the occurrence of exo-PGs is less 
frequent in fungi, being reported mainly in 
bacteria.  The PG from F. oxysporum f. sp. 
lycopersici is a typical fungal exo-PG. The 
functional role of this enzyme in 
phytopathogens and saprobes could be 
explored for industrial applications. Non 
pathogenic strains could serve as potential 
sources of polygalacturonases. In order to use 
F. oxysporum as a suitable industrial 
biocatalyst and to apply these in various 
research fields, the purification and improved 
knowledge of enzyme properties is essential. 
Engineering approaches can allow the 
development of systems for the over 
expression of functional heterologous proteins 
in yeasts and other hosts making them more 
suitable for application in food industries. 
Recombinant genetic techniques may help to 
breed F. oxysporum and Saccharomyces 
strains exhibiting high yield of PG.  
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